calculated by determining the dependence of the oxygen concentration in the electrolyte of the time during chronopotentiometry at constant current in alkaline solution under stirring (300 r/min) using a magnetic stirrer (40 mm stirring bar). The oxygen concentration in the electrolyte was measured with an optical dissolved oxygen (OD) sensor using the so-called fluorescence quenching method (Multi 3420 IDS from WTW, Weilheim, Germany). A four necked 2300 mL glass vessel equipped with WE, RE, CE and OD sensor was used for carrying out the experiment ( Figure S3 ). The Faradaic efficiency of sample Elox300 was determined at current densities of 10 mA/cm 2 and at 1 mA/cm 2 in 0.1 M KOH. The electrode geometry was as described in the experimental section page 26-27 main text. The distance between RE and WE was adjusted to 1 mm. Before starting the measurement the electrolyte was filled in the vessel and continuously purged with Argon for 3 hours at a constant flow rate of 0.3 cm 3 /s till the dissolved oxygen was as low as 0.09 mg/l, 0.22 mg/l respectively. The working compartment was completely sealed with glass stoppers before starting the chronopotentiometry. The values of dissolved oxygen were recorded digitally using the device (Multi 3420 IDS from WTW) which was interfaced to a personal computer. All electrochemical data were recorded digitally using a Potentiostat PGStat 20 from Autolab
(Utrecht, Netherlands) which was interfaced to a personal computer. The results can be taken from Table S2, (99% purity, VWR, Darmstadt, Germany) was added, and the mixture was again heated to 95 °C for additional 3 min. There was no yellow coloration indicating that Cr 2 O 7 2− ion was obtained. Detection limit was <2 ppm. Twenty mL of the electrolyte used for the long time chronopotentiometry (or rinsing water) was added to a 100 mL glass beaker (beaker Nr. 1).
The solution was neutralized under stirring by adding around 20 mL of 0.1 M HCl (99% purity, VWR, Darmstadt, Germany) until pH 6 was reached. The amount of 10 mL was taken from the solution and filled in a second 100 mL glass beaker (beaker Nr. 2). Table S1 . Mass of the samples Elox300 and Elox480 prior to and after (in brackets) chronopotentiometry for 50000 s in 0.1 M in KOH at 10 mA/cm 2 current density. Table S2 . Determination of the Faradaic efficiency in 0.1 M KOH. The electrode area was 1.5 cm 2 . The distance between WE and RE was adjusted to 1 mm, the distance between CE and RE was ~ 4 mm. The overpotential was 215 mV at 1 mA/cm 2 , 260 mV at 10 mA/cm 2 respectively. Figure S3 : The set-up used for determining the Faradaic efficiency. Volume of the vessel: 2.3l. Dissolved oxygen was determined with an optical sensor using the fluorescence quenching method (Multi 3420 IDS from WTW, Weilheim, Germany). The Faradaic efficiency of sample Elox300 was determined at current densities of 10 mA/cm 2 and at 1 mA/cm 2 at 260, respectively 215 mV overpotential in 0.1 M KOH after 4000 respectively after 60000 s runtime. The results can be taken from Table S2 , respectively from Figure 1c (measurement at 10 mA/cm 2 ). Table S3 . Outcome of the AAS analysis. Column II presents the mass loss of the steel sample while carrying out the electro activation procedure. Column III presents the volume of the 7.2 M NaOH electrolyte determined after the electro activation procedure. Column IV: Ion concentration measured in the 7.2 M NaOH after electro activation procedure. Column V: Amount of Fe, Cr and Ni in the 7.2 M NaOH calculated on the basis of the AAS results (column IV). Column VI: Composition of the material deposited on the CE. Column VII: Total amount of detected Fe, Cr, Ni. Column IIX: Total amount of detected material. 
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